Subulina octona is a terrestrial snail which serves as an intermediate host for the parasites. It is also an agricultural pest. The aim of this work was to assess, during 120 days, the effects of caffeine and thymol at 2.5 g/L and 5 g/L on the hatchability, survival after hatching, growth and reproduction of S. octona under the laboratory conditions. A total of 240 eggs, 240 juveniles aged 10-day-old, and 240 aged 30-day-old were tested. The results showed that thymol (at 2.5 g/L and 5 g/L) and caffeine (at 5 g/L) acted as ovicides. In the 10-day-old juveniles, caffeine at 5 g/L caused 25% mortality and at 2.5 g/L it caused 30% mortality. Thymol at 2.5 and 5 g/L caused 20 and 22.5% mortality, respectively. In the 30-day-old juveniles, caffeine at 5 g/L caused 47.5% mortality.
INTRODUCTION
Some species of terrestrial snails can cause considerable losses, due to the damage they cause to the plantations and by acting as intermediate hosts for helminths. Such species are well adapted to anthropic environments and this makes controlling their population more difficult. For this reason, there is an interest in discovering substances of vegetable origin that have molluscicidal activity and little residual effect on the environment.
Subulina octona (Brugüière, 1879) (Mollusca, Subulinidae) is a terrestrial snail which has a wide geographical distribution, being very frequent in tropical regions (Araújo and Bessa, 1993) . It is referred as an intermediate host in the life cycle of Platynosomum illiciens (Braum, 1901 ) (Digenea, Dicrocoeliidae) (Maldonado, 1945) and of Aelurostrongylus abstrusus (Railliet, 1898) (Nematoda, Angiostrongylidae) (Ash, 1962) , both parasites of the domestic cat. It has also been cited as an intermediate host of Tanaisia bragai (Santos, 1934) (Digenea, Eucotylidae) (Maldonado, 1945; Brandolini, 1997) , Postharmostomum gallium Witenberg, 1923 (Digenea, Brachylaimidae) (Alicata, 1940; Duarte, 1980) , Davainea proglottina (Davaine, 1860) (Cestoda, Davaineidae) (Van Volkenberg, 1937 in Maldonado, 1945 , all of which are parasites of birds and of Angiostrongylus vasorum (Baillet, 1866) Kamensky, 1905 (Nematoda, Angiostrongylidae), which is a parasite of canids (Bessa et al., 2000) . Due to the high cost and danger in the use of toxic products to combat the snails, the molluscicidal substances that have vegetable origin can be a safe way of controlling these animals. Vasconcelos et al. (2003) (Brenelli, 2003) . The molluscicidal and phage inhibitor potential of this substance was observed by Hollingsworth et al. (2002) in controlling the snails of Veronicella cubensis (Pfeiffer, 1840) (Mollusca, Veronicellidae). Thymol is also a vegetable substance, obtained from the essential oil of species of the family Laminacea, such as the Monarda punctata L. (mint), the Thymus vulgaris L. (thyme) and the T. persicus L.. It is found in the products used to combat the microorganisms in oral cavity, acting as a bactericide and a fungicide, and also has anti-inflammatory activity (Budavari, 1989; Wicht et al., 2004; Salgueiro et al., 2003; Okazaki et al., 2002) . Bezerra et al. (1981) observed the molluscicidal activity of the thymol present in the essential oil of Lippia graveolens (Kunth) (Verbenaceae) on Biomphalaria spp. Sing et al. (1997) confirmed the molluscicidal activity of thymol on Lymnaea acuminata L., using the fruits of Trachyspermum ammi L. (Apiaceae). The aim of this work was to assess, during 120 days, the influence of caffeine and thymol on the development of the eggs and on the survival, growth and reproduction of 10-day-old and 30day-old juveniles of the species Subulina octona under the laboratory conditions.
MATERIAL AND METHODS
The experiments were carried out in the Laboratory of Moluscs and Helminths Biology-Pós-Graduação em Comportamento e Biologia Animal, Universidade Federal de Juiz de Fora -Juiz de Fora, Minas Gerais, Brasil. For this study 240 S. octona eggs, 240 juveniles aged 10-day-old and 240 aged 30-day-old were used. The snails were ramdomly distributed in the groups of 10 and kept in terraria in one of two ways: the eggs were put in terraria which were 9 cm in diameter and 6.2 cm height; the 10-day-old and the 30-day-old juveniles were put in terraria which were 12 cm in diameter and 9 cm height. The terraria contained previously sterilized (120ºC/1h) humus and were closed with cotton cloth. For the test with the solution of caffeine at 2.5 g/L, 40 eggs, forty 10-day-old juveniles and forty 30-day-old juveniles were used. The same quantity of the eggs and juveniles were used with the concentrations of caffeine at 5 g/L, thymol at 2.5 and 5 g/L and for the two control groups (one group for the caffeine and another for the thymol control). The snails were fed a ration composed by (%) 22 crude protein, 2.6 ethereal extract, 6.5 fibrous matter, 9.0 mineral matter, 1.50 calcium and 0.50 phosphorus) sifted with a sieve (1 mm mesh) and enriched with calcium carbonate in a proportion of 3:1 (Bessa and Araújo, 1995a,b) The terraria were moistened with tap water every three days, at which time the snails' food was also renewed. The minimum and maximum temperatures as well as the relative humidity were measured daily with a thermometer and a thermohygrometer (Incoterm). The caffeine (Nuclear®) was diluted in distilled water heated to 40ºC under constant agitation. In order to dilute the thymol (Isofar®), distilled water heated to 60ºC with 1% dimethyl sulfoxide P.A. (Isofar®) (DMSO).
Experiment I -Assessment of the influence of caffeine and thymol on the hatching of offspring from the treated eggs
To test with caffeine and thymol groups of ten eggs were put in a plastic container, which was 9 cm in diameter and 6.2 cm height and then 5 ml of one of the solutions (caffeine and thymol at 2.5 and 5 g/L) were added to the plastic container and left for 10 minutes as recommended by Souza (2003) . The caffeine control received distilled water, while the thymol control received distilled water with DMSO at 1%. After 10 minutes, the eggs were taken out of the solution and put back into their respective terraria. The juveniles that hatched from the eggs were maintained in their terraria for 20 days. The snails which survived these 20 days were used in the next experiment.
Experiment II -Assessment of the survival, growth and reproduction of juveniles hatched from eggs treated with caffeine and thymol at different concentrations
Observations about the survival, growth and reproduction of the S. octona juveniles which ecloded from eggs treated with caffeine and thymol were made during 120 days. The growth of the individuals from all the groups was observed by means of biweekly measurements (until their 120 th day of life) with a caliper Kanon® (Mardened Stainless 1/28 in 1/20 mm). The time they took to attain the sexual maturity was also observed. The parameter used to determine when sexual maturity was attained was the presence of the eggs in the terraria. All the eggs found in the terraria until the 120 th day were counted.
Experiment III -The influence of caffeine and thymol on the survival, growth and reproduction of 10-day-old and 30-day-old juveniles
In order to carry out the tests with caffeine and thymol, the juveniles were left fasting for 24 h (Souza, 2003) . After this period, they were put, in groups of ten and with the help of a brush, in a plastic container, which was 5 cm in diameter and 4 cm height, and they stayed in contact with 5 ml of one of the solutions (caffeine and thymol at 2.5 thymol at 2.5 and 5g/L) for 10 minutes. The amount of the substance (5 ml) just allowed the contact of the cephalopodal mass of the moluscs, avoiding moluscs' immersion. The caffeine control group was given distilled water, while the thymol control group was given distilled water with DMSO at 1%. After this period, the juveniles were taken out of the solution and put back into their respective terraria. The survival, growth and reproduction of these moluscs were observed during 120 days. The growth of both the treated individuals and the ones from the control group was assessed every fifteen days until their 120 th day of life. For the statistical analysis of the data, Student's ttest and the analysis of variance (one-way ANOVA) were used, with a confidence interval of 95%, followed by the Tukey-Kramer test.
RESULTS AND DISCUSSION
Experiment I -Assessment of the influence of caffeine and thymol on the hatching of offspring from the treated eggs Caffeine negatively influenced the hatching of the offspring and it acted as an ovicide resulting: 87.5 and 50% of the eggs treated with caffeine at 5 and 2.5 g/L, respectively (Table 1) . These results were important, because they showed that caffeine could help control this species of snail by effectively preventing the completion of the embryonic development of the offspring. Some authors have reported the low effectiveness of molluscicides on the eggs. According to Pereira and Souza (1974) , who studied the effects of the hexane extract of the peel of the cashew nut on the egg masses of Biomphalaria glabrata Say 1818, the eggs were 10 to 20 times more resistant than the adult individuals. This low susceptibility was also observed by Souza et al. (1987) with the butyl extract of Phytolaca dodecandra L.. The difference between the mean hatching of offspring from the eggs treated with caffeine at 5 and 2.5 g/L and the control group was significant (ANOVA p < 0.05; p = 0.03). The Tukey-Kramer test showed that the difference between the means of the group treated with caffeine at 5 g/L and the control group was significant (p < 0.05), while that between the groups treated with caffeine at 2.5 and 5 g/L, the results were not significant (p>0.05) ( Table 1) . Thymol also had ovicidal activity: 98% of the eggs treated with thymol at 5 and 2.5 g/L did not hatch (Table 1) . Hence, thymol could also be used to control the snails by inactivating their eggs, since these animals have a very large reproductive capacity and some of the products in use manage to affect the snail, but not their eggs. Souza et al. (1984) found that of the 159 extracts they tested on the eggs of B. glabrata, only 18 had ovicidal activity.
The Tukey-Kramer test showed that the difference between the hatching means of the snails from the group treated with thymol at 5 g/L and the control group (p < 0.05), as well as from the control group and the snails treated with thymol at 2.5 g/L (p < 0.05) was significant. According to Bessa and Araújo (1995a) , the eclosion of offspring happens between the first and 15 th day after the eggs are laid. These authors worked with 96 eggs and observed wich 94.8% of viability. The temperatures they registered went from 17 to 26.5°C. This high rate of egg hatchability was not observed in our experiment, principally in the thymol control group, in which only 47.5% of the eggs hatched. This data suggested that the eggs were influenced by the DMSO (dimethyl sulfoxide) used in this control group, since the maximum 23.5ºC and minimum 19.7ºC temperatures registered were similar to those registered by Bessa and Araújo (1995a) .
Experiment II -Assessment of the survival, growth and reproduction of juveniles hatched from eggs treated with caffeine and thymol at different concentrations
The experiments took place from May 17 th to September 14 th , 2004. The maximum temperatures registered during this period was 20.7ºC, the minimum was 17.3ºC, and the relative humidity was 70%. During the 120 days after the treatment, there were differences between the survival mean of the snails which hatched from the eggs treated with caffeine when compared to the mean of the control group (Table 2, The Tukey-Kramer test showed that the difference between the hatching means of the snails from the group treated with caffeine at 5 g/L and the control group (p < 0.001), from the group treated with caffeine at 5 g/L and the group treated with 2.5 g/L (p < 0.001), as well as from the control group and the group treated with caffeine at 2.5 g/L (p < 0.001) was significant. The growth of the individuals was observed until the 90 th day, because on the 100 th day, the group treated with caffeine at 5 g/L died (ANOVA; p = 0.45). The difference between the means growth of the treated and the control groups was not significant. In terms of the sexual maturity, it was not possible to observe the difference between the group treated with caffeine at 2.5 g/L and the control group, since none of these groups laid eggs until the 120 th day. Bessa and Araújo (1995b) observed that in S. octona snails, the sexual maturity was attained at 38 to 50 days after birth. During the study of these authors, the temperature varied from 23 to 26°C. D`ávila and Bessa (2005) observed the sexual maturity of S. octona after 45-48 days of life, with temperatures ranging from 24.16º to 28.72ºC. Marcus and Marcus (1968) observed that S. octona attained sexual maturity on the 109 th day, but the conditions under which this experiment was carried out were not mentioned by the authors. The present study, maximum temperature was 23.5ºC; an minimum 19.7ºC. This might have retarded the sexual development of the snails with attaining sexual maturity latter (Furtado et al., 2004) .
Experiment III -The influence of caffeine and thymol on the survival, growth and reproduction of 10-day-old and 30-day-old juveniles 10-day-old juveniles treated with caffeine -
Caffeine affected the survival of the 10-day-old juveniles 72 h after being treated with it (Table 3) . The ANOVA test (p < 0.05; p = 0.000) showed that the difference between the survival means of the individuals treated with caffeine at 5 and 2.5 g/L, as well as of those of the control group were significant. The Tukey-Kramer test showed that the difference between the survival means of the snails from the group treated with caffeine at 5 g/L and the control group (p < 0.05), from the group treated with caffeine at 5 g/L and the group treated with caffeine 2.5 g/L (p < 0.05), as well as from the control group and the group which was treated with caffeine at 2.5 g/L (p < 0.01) was significant. However, the survival rate was higher than 60%, which was the rate determined by Souza (1984) to consider a substance as being active.
The treatment with caffeine also affected the survival of the juveniles during the 120 days after the treatment (Table 3 ). The Tukey-Kramer test showed that the difference between the means number of snails in the group treated with caffeine at 5 g/L and the control group (p < 0.001), in the groups treated with caffeine at 5 and 2.5 g/L (P < 0.005), and in the control group and the group treated with caffeine at 2.5 g/L (p < 0.001) was significant. Souza (2003) , testing the molluscicidal activity of caffeine at 1 g/L on S. octona adults, found that after 24 h of observation the mortality rate was 70%. This result disagreed with that obtained in the present study, in which the survival of 75% of the snails treated with caffeine at 5 g/L was observed, a dose significantly superior to that employed by Souza. This discrepancy could be the result of characteristics inherent to the snails, such as the age and population of origin, which provided them with more or less resistance or even differences in the method employed in these two studies.
When observed the growth of the snails, the ANOVA test (p < 0.05; p = 0.85) showed that the difference between the means of the group treated with caffeine and the control group was not significant.
On the 115 th day the presence of eggs in the snails uterus through their transparent shell, but no egg was observed laid in the terraria until the term of the experiment. In this period, the individuals treated with caffeine (5 g/L) had a mean shell length of 10.3 mm, the ones treated with caffeine (2.5 g/L) had a mean shell length of 11.4 mm, and in the control group, the mean length was 10.4 mm.
10-day-old juveniles treated with thymol
The treatment with thymol did not affect the survival of the 10-day-old juveniles: the survival rate was 77.5% for thymol at 5 g/L, 80% for thymol at 2.5 g/L and 100% in the control group. The ANOVA test (p < 0.05; p = 0.1) showed that the difference between the survival means during the first 72 h after the treatment of the individuals with thymol at 5 g/L and 2.5 g/L, and of those of the control group was not significant. No death was observed in these groups until the end of the experiment.
When the growth of the snails was observed, the ANOVA test (p < 0.05; p = 0.85) showed that the difference between the means of the treated and the control groups was not significant.
There was no significant difference of attaining sexual maturity: this was attained on the 105 th day, when the presence of eggs was observed through the snails' transparent shell the presence of eggs in their uterus. However, no eggs were found in the terraria until the end of the experiment.
30-day-old juveniles treated with caffeine
The treatment with caffeine at 5 g/L affected the survival of the 30-day-old juveniles: in this group, the survival rate was 52%. The survival rate of the group treated with caffeine at 2.5 g/L was 92.5%, and that of the control group was 100%. The ANOVA test (p < 0.05; p = 0.002) showed that the difference between the survival means during the first 72 h after the treatment of the individuals with caffeine at 5 g/L and 2.5 g/L, and of those of the control group was significant.
The Tukey-Kramer test showed that the difference between the survival means of the snails from the group which was treated with caffeine at 5 g/L and the control group (p < 0.01), from the group treated with caffeine at 5 g/L and the group treated with 2.5 g/L (p < 0.01) was significant. The difference between the survival means of the snails from the control group and the group treated with caffeine at 2.5 g/L was not significant (Table 4) . After the first 72 h, there was no death until the rest of the experiment. When was observed the growth of the snails during the 120 days, the ANOVA test (p < 0.05; p = 0.98) showed that the difference between the means of the treated and the control group was not significant. There was no significant difference in terms of attaining sexual maturity (this was attained on the 105th day), or in the number of juveniles produced by the 30-day-old group of S. octona: the group treated with caffeine at 5 g/L produced 21, the group treated with caffeine at 2.5 g/L produced 23, and the control group produced 26, until the 120 th day.
30-day-old juveniles treated with thymol
The treatment with thymol at 5 g/L affected the survival of the 30-day-old juveniles 72 h after the experiment ( Table 5 ).
The Tukey-Kramer test showed that the difference between the survival means of the snails from the group treated with thymol at 5 g/L and the control group (p < 0.01), and from the groups treated with thymol at 2.5 g/L and 5 g/L (p < 0.01) was significant. The difference between the survival means of the snails from the group treated with caffeine at 2.5 g/L and the control group was not significant.
The treatment with thymol at 5 g/L also affected the survival of the 30-day-old juveniles during the 120 days following the exposition ( The Tukey-Kramer test showed that the difference between the survival means of the snails from the group treated with thymol at 5 g/L and the control group (p < 0.01), and from the groups treated with thymol at 5 and 2.5 g/L (p < 0.01) was significant. The difference between the survival means of the snails from the group treated with caffeine at 2.5 g/L was not significant. These results showed that thymol influenced the survival of S. octona as time passed, when these were previously treated with thymol at 5 and 2.5 g/L at 30 days of age.
The treatment with thymol did not influence the growth of the snails during the 120 days after the experiment. The ANOVA test (p < 0.05; p = 0.95) showed that the difference between the means of the treated and the control group was not significant (Table 5 ).
There was no significant difference in the attaining the sexual maturity (this was attained on the 105th day), or in the number of juveniles produced by the 30-day-old group of S. octona: the group treated with thymol at 5 g/L produced 21, the group treated at 2.5 g/L produced 24, and the control group produced 27 juveniles, until the 120 th day. The results obtained in this experiment, suggested that other protocols should be established for the tests in the field.
RESUMO
Subulina octona é um molusco terrestre que atua como hospedeiro intermediário de parasitos. Também atua como praga agrícola. O objetivo deste trabalho foi avaliar, durante 120 dias, o efeito da cafeína e do timol a 2,5g/L e a 5g/L, sobre a eclodibilidade, a sobrevivência após a eclosão, crescimento e a reprodução de S. octona em condições de laboratório. Foram testados 240 ovos, 240 jovens com 10 e 30 dias de vida. Os resultados dos testes mostraram que o timol (5g/L e 2,5g/L) e a cafeína a 5g/L atuaram como ovicida. Nos jovens com 10 dias de vida a cafeína à 5g/L provocou uma mortalidade de 25% e a 2,5 g/L 30%. O timol a 2,5g/L e 5g/L provocou 20 e 22,5% de mortalidade, respectivamente. Nos jovens com 30 dias de vida a cafeína a 5g/L causou 47,5% de mortalidade. Esses resultados sugerem novos estudos no campo.
